During the past 18 months more than 100 normal and abnormal subjects have been studied with this instrument in our laboratory, utilizing the recorded heart sounds, the carotid sphygmogram or the electrocardiogram as the primary points of time reference. We have been impressed with the inconstancy in the timing of the electrokymographic events obtained in ventricular tracings when studied with any of the above methods. The objections to each of these timing devices are well known. Thus, the factors of variability in the carotid sphygmogram which may be consequent upon variation of the rate of blood flow, elasticity and distensibility of the vessel have been discussed.' The validity of a comparison of the mechanical events in the cardiac cycle with the electrocardiogram has been called into question.7 The heart sounds represent a fusion of noises arising from both ventricles and are
F OLLOWING the development of the electrokymograph by Henny and Boone,' great interest in the use of this instrument as a tool in clinical investigation has been aroused. The application of this instrument to the study of many types of cardiac lesions has been reported. 2-' During the past 18 months more than 100 normal and abnormal subjects have been studied with this instrument in our laboratory, utilizing the recorded heart sounds, the carotid sphygmogram or the electrocardiogram as the primary points of time reference. We have been impressed with the inconstancy in the timing of the electrokymographic events obtained in ventricular tracings when studied with any of the above methods. The objections to each of these timing devices are well known. Thus, the factors of variability in the carotid sphygmogram which may be consequent upon variation of the rate of blood flow, elasticity and distensibility of the vessel have been discussed. ' In an attempt to define more precisely the significance of the electrokymographic tracings obtained from the chambers of the heart and the great vessels in man we have undertaken a correlation of these tracings with the most direct measurements possible, the intraluminal and intracavitary pressure curves in man. Some data of this kind has been recently obtained in the dog.9
MATERIALS AND METHODS
Concurrent right heart catheterization and electrokymography of the cardiac silhouette w-ere performed in 6 patients. One patient was a child of 5 in whom the diagnosis of tetralogy of Fallot was made. Another was a 68 vear old man with arteriosclerotic heart disease and chronic cor pulmonale.
Four patients were children of 8 to 15 years of age who were subsequently found to be normal.
Right heart catheterization was performed according to the technic previously described. (fig. 2) .
Contour. The similarity of the contour of the electrokymograms obtained from the border movement of the pulmonary artery to the density changes within the pulmonary artery is apparent. In both instances well defined, steeply rising anacrotic limbs are present. These reach a rather rounded peak and then
Right Ventricular Electrokymograms
Timing. Following the withdrawal of the catheter into the right ventricle, the patients were rotated into the left posterior oblique position. Electrokymograms of the border movement of the right ventricle were then obtained in the region of the tip of the catheter ( fig. 3) i X e g m W i W l l l l T 0 l T l l ; i ; W 0 ; l i W 0 H l T ; W X * _ a _ : _ z T v e r 1 1 r r _ : : _ 1 1 T a r 1 1 T 1 r < s r T l A r r r I T T t 1 § 1 1 I m r r T T I l l ' . l l l l i l T + -i l N F n l l l l l l . Contour. The ventricular electrokymograms presented here consist essentially of a declining and an ascending limb. Variations in slope of either limb could be correlated to some degree with events known to occur in the volume curve of the dog heart. However, the accumulated data is insufficient for further elaboration at this time.
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Of particular interest is the change in contour of the ventricular electrokymogram with the occurrence of a premature beat (fig. 4 ). It will be seen that this change is accompanied by a change in the intracavitary pressure curve. In this instance the border electrokymogram closely reflects the mechanical activity of the ventricle.
Electrokymograms of the Right Auricle and Large
Veins
In two instances, electrokymograms of the border movements of the right auricle were recorded after the catheter had been withdrawn into this chamber ( fig. 5 ). The beginning of the fall of the A wave of the auricular electrokymogram followed the beginning of the rise of A wave of the auricular pressure curves by 0.05 second. The A waves of both the auricular electrokymogram and the auricular pressure curve bore precise relationships to the end of the inscription of the P wave of the electrocardiogram. As will be noted the other points of the auricular electrokymogram tend to follow those of the auricular pressure curve. Figure 6 presents an electrokymogram obtained as a density recording over the superior vena cava. In this instance the patient was in the posteroanterior position and the tip of the catheter had been withdrawn into this vessel and was lying approximately 2 cm. from the slit focus of the pick-up device. It First, the electrokymographic deflections obtained from the superior vena cava and the pulmonary artery show a remarkable constancy of time relationship with simultaneous intraluminal pressure curves. The densograms obtained over these areas follow with a somewhat greater variation. The resemblance of the contours of both the border and density electrokymograms of these vessels to the intraluminal pressure pulses is evident. Thus, these electrokymograms may be said to reflect closely the mechanical activity of the heart as it is propagated to the adjacent major vessels. Distortions due to impacts of adjacent structures appear to play an insignificant role. However, elongation and pendulum motion of the great vessels occurring with the systolic descent of the base of heart may in part explain the earlier rise of the anacrotic limb of the pulmonary artery electrokymogram over comparable points in the pulmonary artery pressure curves.
The ventricular border electrokymogram is more difficult to define. The inability to establish closely meaningful points on these tracings as compared with those in the large vessels may be responsible for this difficulty. It is apparent that the declining limb of the ventricular electrokymogram represents more than the systolic emptying of the ventricle. However, the respective contribution of isometric contraction, rotation of the heart, isometric relaxation, and other factors cannot be evaluated at this time.
Further study of this problem is in progress. It is our opinion, however, that until more complete definition of the physiologic meaning of these tracings is obtained, clinical applications must be approached with great caution.
